I n the previous paper on the subject of M. Giffard's Water Injector, read at the last meeting (Proceedings, January, ISSO), the results of various experiments tried with the injector were given in Tables I to IV . Table I gave the maximum temperature of feed water which had up to that time been successfully employed with different pressures of steam ; and showed that the lower the pressure, the higher is the temperature of feed capable of being used. Table I1 gave the quantity of water delivered by a No. 4 injector at different pressures of steam, showing that the higher the pressure, the greater the quantity of water delivered into the boiler. Table I11 gave the quantity of water delivered by a No. 8 injector at various temperatures of feed water, showing the diminution of delivery as the temperature of feed is raised. Table I V showed the excess of pressure which may exist in the boiler fed by the injector above that of the steam used for working the injector, which is perhaps the most surprising of all the results obtained j showing that with an opposing pressure more than 50 per cent. in excess the injector still continued to work.
A further series of experiments on the working of the injector have been tried by the writer since the last meeting, the results of which are given in the following Tables V to V I I I .  Tables V and V I show the rise of temperature of the feed water in passing through the injector, under different circumstances of pressure and initial temperature of feed :- The object of this experiment was to ascertain whether in employing an injector for supplying water to a boiler in which the evaporation varies considerably from variation in the work required from the engine, as in the case of a locomotive, there is the power of increasing or diminishing to any considerable extent the quantity of water delivered by the injector: the result shows that such regulation can be accomplished even though the steam pressure remains the same ; and further that the range of variation available increases with the pressure of steam, the minimum delivery a t the different pressures varying to a less extent than the maximum delivery. Table VIII shows that the pressure of steam is less reduced in feeding a boiler by the injector than by a pump with the same initial temperature of feed :-
TABLE VIII.

Reduction of Steam Pressure in feeding by Pump and by Injector.
The resillt obtained from this experiment may be taken as a measure .to some extent of the economy gained in using the injector as compared k t h a pump; the steam used in the injector imparting all it& heat to the water, besides effecting a saving by obviating the friction ahd wear and tear of a moving machine like a pump, whether this form p?t of the engihe itself or act as a separate auxiliary machine.
From the experience of the last six months in this country as well as on the continent it appears that the injector may be safely and economically employed for locomotive, marine, stationary, and agricultural boilers. For the three former many mjectors have been delivered from the writer's works; while for the last a considerable number Bave been applied in France.
Means of employing the power developed in the injector for other purposes will doubtless gradually suggest themselves; and drawings of some new applications have bee& 'IlIlI]Ilared, but as they have not yet been put to the test of practical Wilfty in this cotmtry it is not necessary to ptlrticularise &em.
Xr. ROBINSON observed that the last experiment giv& h d been made on one of the boilers of the Great Eastern, for the purpose of ascertaining how much the pressure of steam was lowered when a certain quantity of feed water was thrown in by the donkey pump and then by the injector. The donkey engine first threw in 8 inches of water, which reduced the pressure 10 lbs. per square inch, from 25 lbs. t o 15 lbs. ; but the injector throwing in the same qumtity of water reduced the pressure only 5 lbs. per square inoh, from 25 Ibs. to 20 lbs. The donkey pump was perhaps not the best means of applying the power, since the steam was all thrown into the htmosphere and its h t lost ; but with the injector all the heat of the steam was ietttrned into the boiler.
Mr. C. W. SIEMENS had made some calculations as to the rise of temperature in the feed water by its passage through the injector, on the assumption that the steam simply carried the water along with it by impact, taking no account of the friction of the water j that is that if 1 lb. of steam in motion mere mixed with 2 lbs. of water a t rest, the result produced would be 3 lbs. put in motion at 1-3rd the original velocity of the steam. Now since the velocity of water or steam issuing into the atmosphere from the same boiler was equal to that acquired by a falling body in falling through the height of a column of the same water or steam giving the same effective pressure, and since the velocity acquired by a falling body was proportional to the square root of the height through which it fell, it followed that the velocity of the water and of the steam would be proportional to the square roots of their relative volumes; and as the volume of steam with 1 atmosphere effective pressure was 860 times that of water, it would issue with JSGO or 29 times the velocity of the water from the same boiler. Hence the steam issuing would just balance 29 times its own weight of water trying to issue from the boiler; and therefore, assuming the total heat of steam to be 1200O and the original temperature of the feed looo, the rise of temperature of the feed would be ag+l = 37O. And calculating the rise of temperature in the same way for higher pressures of steam, there would be with 1 atmosphere effective pressure 3 7 O rise of temperature 1200 -100 2 440 3 50° 4 550 10 80° Comparing these theoretical results with the experiments given in Table V , it appeared that in practice with steam of 51 lbs. or about 3 atmospheres effective pressure the rise of temperature was 7 4 O , while the calculation gave only a little more than 50°: but then it had been assumed that there was no loss of power by friction, and the quantity of feed water propelled into the boiler had been supposed to be the maximum amount theoretically possible. The calculation accordingly gave the minimum rise of temperature when the steam was only just able to balance the pressure of the water tending to escape from the boiler ; and consequently in practice the actual rise of temperature must always be greater than that obtained by the calculation; but the two results differed not more he thought than might be expected, if all losses of effect were taken into account. The table agreed moreover with the calculation in giving a greater rise of temperature at higher pressures of steam, although the losses of effect must necessarily increase with the pressure or rather with the increase of velocity of the jet. Much must also depend upon the proper adjustment of the instrument to make the quantity of water injected a maximum.
The CEAIRMAN had made some experiments with a No. 8 injector on a stationary boiler and had tried it under the opposite extreme to that assumed in Mr. Siemens' calculation, injecting the least possible quantity of water into the boiler, in order to ascertain the least quantity of water that the injector would work with. In one experiment with 50 lbs. steam injecting 6 gallons per minute, the temperature of feed was 50° and the delivery 190°, showing as much as 140° rise of temperature acquired in the injector; and with 55 lbs. steam injecting 10 gallons per minute, the feed was 1 0 5 O and the delivery 208O, giving 103O rise of temperature. He had also tried varying the admission of steam through the extreme range allowed in the instrument, keeping the supply of feed water uniform, and found there was only 5 O variation in the rise of temperature, the total rise of temperature varying only from 140° to 145". With 48 lbs. steam and a delivery of 14 gallons per minute, the maximum quantity of water that the injector could deliver at that pressme, the rise of temperature was llOo.
Mr. ROBINSON said he was much astonished in trying the experiments given in the paper to find that the rise of temperature produced in the water in passing through the injector did not increase as had been expected with increased pressures of' steam ; but this might be partly accounted for by the consideration that at a higher pressure the steam issued at a greater absolute velocity and was therefore not in contact with the water so long, so that there was less time for condensation and more feed water required for effecting it, and consequently the riee of temperature was scarcely increased perceptibly. These experiments gave the maximum delivery of t h e injector that could be obtained in practice at different pressures of steam, and therefore showed the minimum rise of temperature in the water delivered ; whereas in the experiments mentioned by the Chairman the proportion of water to steam had been much less, and the rise of temperature obtained was consequently greater. The injector gave facility for a great range of action by varying the proportion of water and steam, as shown in Table VII , where the quantity of water delivered was varied about 55 per cent. of the maximum delivery ; and the extent of this range increased with the pressure of steam.
Mr. E. A. COWPER asked whether any experiments had been made to try whether air was drawn into the injector by the velocity of the current of water, or whether the admission of air was in any way necessary to the working of the instrument, as this would be a fatal objection in the case of condensing engines working with a high degree of vacuum. Mr. ROBINSON said he had tried holding very light substances near the stream of water, and there was not any draught of air towards it; and the injector worked just the same when the sight holes were closed up air-tight and the end of the overflow pipe submerged under water, so that no air passed in with the water, showing that no air was necessary to its working. I n starting the injector to work it was necessary first to make a vacuum in the feed water chamber, in order to raise the feed, and any air in the instrument was then expelled by the overflow before beginning to work.
Mr. E. A. COWPER said he had made a calculation as to the useful effect of the injector when employed in forcing water, reckoning only the quantity of water delivered as given in the experiments and taking no account of the rise of temperature produced, and found that the duty amounted to only about 8 per cent. This of course did not represent the useful effect obtained when the injector was employed in feeding a boiler, for all the heat imparted to the water then went to diminish the consumption of fuel ; but this heat would be lost if the injector .were applied simply to raising water. For calculating the actual power of the instrument the quantity of steam expended in working it should be ascertained by taking the steam from an isolated boiler in which the consumption of fuel and quantity of steam supplied could be accurately measured, in order to learn what proportion of the heat was absorbed as power ; if this were ascertained it would afford an opportunity of testing the theory of the conversion of heat into mechanical effect. He supposed the injector had not been tried with a jet of air instead of steam.
Mr. ROBINSON observed that M. Giffard had used the plan of a conical water pipe having a conical steam pipe within it, as employed in the injector, for the purpose of raising water ; and this method was aqailable as a simple direct application of steam power, where fuel was not a consideration, though it would of course be far from economical of power. With a jet of air the injector would only drsw water and not force it, as forcing could be done only when the power was exerted by a fluid that could be condensed so as to become non-elastic before passing the throat of the delivery pipe. H e had tried an experiment of raising the feed water tank to a higher level than the injector, in order to ascertain whether a higher temperature of feed would then be admissible j but there was not found to be any advantage in this respect, for the temperature of feed was obliged to be kept down within a certain limit, in order to condense the steam completely, and when the temperature approached 140° the injector would stop working with 50 lbs. or 60 lbs. steam. He recommended as a general rule placing the tank about 1 foot higher than the feed water chamber of the injector, which would save the trouble of having to make a vacuum on first starting. Mr. W. F. BATHO said they had had a No. 4 injector working for about four months on a stationary boiler at the Bordesley Works, Birmingham, and the feed water tank was 10 feet above the injector ; the pressure of steam was from 30 lbs. to 40 lbs., and the injector had worked with the feed at as high a temperature as 159', which was no doubt owing to the head of feed water above the injector. The only difficulty that he had noticed on reaching a high temperature of feed was that the check valve in the bottom delivery pipe was apt to get into a state of vibration and not shut fairly, and then the water escaped out of the boiler.
Mr. ROBINSON said he had noticed the same occurrence and believed it arose from the valve being made t o dance in its seat, in consequence of the steam not being properly condensed in the delivery pipe, and B lower temperature of feed or a smaller quantity of steam was then required. The bottom valve might be taken away entirely or put further away from the injector; in many recently made it had been removed, and an ordinary stop valve substituted next the boiler.
The CHAIRMAN proposed a vote of thanks to Mr. Robinson for his paper, which was passed.
The following paper was then read :-
